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Ahstract

The measurements of dimuon production (M > 4 GeV/c2) by 125 GeV/c p and
m  performed by Fermilab Experiment 537 are compared to the predictions of the
Drell-Yan model in this report. We find that +the naive Drell-Yan cross
sections calculated wusing CDHS and NAJD structure functions are too low by
factors of 2.25 % 0.45 and 2.50 + 0.50 to reproduce the levels of our p and v
cross sections respectively. The shapes of the dc/dxF and M3 do/dM
differential cross sections are well reproduced by the naive sgzeroth order
formula. The shape of the dc/de cross section for the dimuons as measured by

E-5%7 can be fit using the Altarelli, Parisi, and Petronzio O(as) prescription

for calculating P distributions but regquires a <k§> of the interacting

constituents of the nucleons and pion of 0.88 (GeV/C)2- This <k;> is larger
than the -<k§,>Tr = 0.59 £ 0.05 (GeV/c)’and <k$>p - 0.52 + 0.05 (GeV/c)? obtained
from the linear extrapolations of +the s wvariation of the <p§> of the
exparinentally observed dc/de distributions to 8=0. This inmplies that first

order QCD in the formalism of Altarelli, Parisi, and Petronzio is insufficient

to explain <p§> of the data.



High mass dimuon production in hadronic interactions has been interpreted
as proceeding via the D'rell—\fem‘I process and higher order QCD processes2
(Fig. 1). Measurements of hadronic production of dimuons and espseially the
neasuremant of p production of dimuons test the QCD picture of these reactions
as proceeding via the strong interactions of the constituents of the hadrons.
In +the particular case of pi » u+u— + X the valence gquark structure functions
of the nucleons can be determined independently from deep inelasiic lepton
scattering experiments, thereby allowing a more complete confrontation of the
theory than is possible in either = or K production of dimuons.

A Fermilab-Athens-MeGill~-Michigan collaboration has studied the
production of dimuons by p and @ at 125 GeV/c using a special enriched
antiproton beam derived from ;o + pr decay {Fig. 2). This experiment was
performed in the High Intensity Laboratory at Fermilab. ‘le were able to
routinely obtain from this beam 107 125 GeV/c particles per second of apill
with 5 x 1012 400 GeV protons incident on the secondary beam production
target. This 107 secondary bsam had a composition of 20% antiprotons and 80%
7~ (from KZ » 1 7 decays). The momentum, direction and identity of this
large momentum bite (ap/p v *+ 10%) beam were measured and tagged on an event
by event Dbasis. In less than 800 hours of data taking using the large
aperture forward spectrometer shown in Fig. 3, the dimuon mass spectra shown
in Fig. 4a and 4b were accumulated. The mass resolution (g «» 190 MeV/c2) of
the ¢{(3.1) was dominafed by the error in the dimuon opening angle caused by
multiple scattering in the heavy nuclear targets (Cu, W) and in the 60" copper
hadron absorber. The error introduced by momentum measurement inaccuracy was

minimized by +the precision of the E-537 drift chamber system {gx » 250u) and

the strength of the analysis magnet (ApT » 0.8 GeV/ec). ™he spectrometer and



3,4,5

the tbenn have been described elsewhere”?’ and will not be discussed further
here.

We have used the sitandard Drell-Yan formula {FPig. %a)

d 8 -
dei ) W; = z:ez[qi1(x1) q22(x2) + {1 2)] (1)
T 9n \/xi w4t i
whers T = N7/s = X%, and X, = X, - x, to ecalculate the differential cross

sections M0 do/d¥ and do/dxF for dimuons production by 125 GeV/c p and 7 | We
have used the CDHS structure function56 for the nucleon and antinucleon and
the HNAS structure functions7 for the m# . Thase structure functions are given

below in Table I:

Table I

Hadronic Structure Functions Used in the Drell-Yan
Calculations Contained in this Report

\
o - 4 x0:520.165 (1 ,)2.79+0.773
xdp _ do X0.52—0.165 (1_x)3.79+0.775 > CDUS (Ref. 6)
xs_ = (0.26+0.183) (1-x)7-50+0.78s

P /
pr = 3.06(1—x)5'0 Counting rules

!

o=V xo'4(1—x)o'9

"0 6 9 r NA3 (Ref. 7)
XSTT = 0.24(1-x)""

- 3.0 ’ .

xG = 2(1-x) Counting rules

m

In Table I the Q2 = M2 evolution variable ig 8 = In [En(szﬂz)/ln(Zofﬁzﬁ'where A
is taken fto be 0.%. Figure 5 shows the dc/dxF differential cross section

obtained by E-537 for the p and m  along with the Drell-Yan predictions from



(1). The Drell-Yan prediction has been multiplied by a X factor = 2.25 % 0.45
for the T data and by 2.50 % 0,50 for the = data. The shape of the g
distribution is quite well fit by the Drell-Yan calculstion. Figure 6 shows
o dg/d1  from E-537 and WNA3 for the antiproton reaction. Once again the
prediction of Eq. {1) for H3 da/dll matches quite well the shape of the dimuon
differential cross section but the level of the Drell-Yan prediction has to bve
multiplied by 2.25 to match the level of the data. _

Going beyond the simple Drell-Yan formula (1), we have attempted to
calculate the differential cross secticon 1/pT dc/de that we should observe in

our data using the O(as) formula2 for dimuon production by the Conpton (cc)

and annihilation (UA) processes (Figs. lb and le) given below:

da, do, . da,
—r . 3
M dy dp,i a dy dpf: an dy dpl
. t 2.2 2.2 h h
Sl e [y T () @0 VR ot 0,0 8, 00D ¥ (0 D)
27 i 1 2 2.~ i i 1 i 2
xmin xls+u-H s EG 1
1
! 2 h,’ h
2 X, %0 22 | a2 wl . 2
1'2s I - Wil S 2| ™ 2. 2
+ ‘2_:_ % j dx Ay : un3A Zei [qi (Xl’Q ) Ci (xz,Q ) * (1 i 2)]
x::x].n x, stu-M - 8u N
1
(2)
We have used (2) in the Altarelli, Parisi, and Petronzio8 prescription
do deg
dg DY 2 P + > (3)
= wf(py) o *+ | @%qn 2 [£(5y - 4p) - flpg)]
) Uy . T
ai dy dp; T'd¥ dy dl dy de T T T

in order %o incorporate the intrinsic kT of the interacting constituents.

f(pT) is assumed to be a Gaussian distribution with the normalization



q
t

2 2
f(PT)dBPT = 5 d2pT exp[—pT/<kT>] = 1 {(4)
w<kT>

Figure 7 shows 1/pT dc/de for +the E-537 p and 7 data along with the
predictions obtained from using (2), (3) and (4). 1In order to fit the p and

©  data, do/(dM dy dps) has been multiplied by the K factors mentioned above.

These K factors have been assumed to be independent of 1, x, and P and <k2>

F T

has been given the value O0.E88 GeV/cz. The contributions of the various

components, o

2 % and the Jaussian describing the intrinsic kT are shown in

Fig. 7. As can be expscted, the QCD diagrams {(Fig. 1b and 1c) begin to
contribute beyond Pn = ? GeV/c with the annihilation diagram contributing more
than +the Compton diagram because of the presence of the valence antiquarks in

both the p ard 7 .
The technique cutlined above requires that <k%> = 0.88 Ge¥/c for the

interacting constituents in order %o achieve reasonable fits {0 the P

distribution. As pointed out in Ref. 9, the <k$> of the constituents can Ybe

determined by examining the s dependence of the second momenta <p§> of the P

diatributions for the existing data for p, », and T production of dimuons.

igure 8a and b show that the <p§> data for dimuon production varies nearly

]

linearly with s for protons and = . The data from E-537 and NA3 for
sntiprotons shown in Fig. 82 1is not as precise as that for p and = . The p
data does however appear to have <p%> similar to the ©  induced dimuons but
slightly lower at the three values of s at which there are measurements. The
extrapolation of a linear fit of this data (<p%> = A+Bs) to s=0 should yield

<k§> of +the interacting constituents. As shown in Fig. 8, these intercepts

are 0.59 £ 0.05 (Gev/c)2 and 0.52 * 0.05 (GeV/c)2 for the 7 and p data

regpectively. The difference between these values and the larger value of



> = 0.88 GeV/c® required to fit the E-537 125 CeV/c p and v data suggests
that the O(as) prescription of Altarslli et al., is insufficient to explain
the <p$> of dimuon data. Tndeed as pointed out in Ref. 9 when {2), (3) ana
)2

o
and <k2> = 0.52 {GeV/ec)” are uszed to

R W PR -
{(4) witn <RT>ﬂ~ 0.59 (ceV/c Ty

calculate <p§> as a function of s, the values cof <p§> obtainzd are
comaistently below the existing data at all energies.
In conclusion, we find that the simple Drell-Yan formalism is sufficient

to predict the shapes of the M3

de/dM and the dc/dxF distributions of the
E-537 p and 7 data but is unable to predict the level of the cross sections.
Attempts to fit the shape of the P distribations require including O(as) QCD

effects to make the thigh tail of +the observed distributions. The

Py
Altarelli, Parisi and Petronzie prescription for caleculating T/PT do/de
requires an intrinsic <k;> = 0,83 GeV/02 which 1s larger than those (<k$>w =

2

0.59 * 0.05 GeV/c?, <ko>

Ty " 0.52 *0.05 GeV/c?) obtained by the extrapolation

of chserved linear behavior of <p§> vs. 8 to s=0. This implies that higher
order QCD effects must be taken into account in order to explain the Pp
distributions of dimuons.
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Fieg. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Pigurs Capticns

(a) Haive Drell-Yan process.
{b) O(us) quark-antiquark annihilation process.
(e) O(as) glucn~-quark Compton scattering.
Schematic of the enriched antiproton beam obtained from A -+ §n+ decay
used in E-537.
E-537 spectrometer.
(a) Mass spectrum ¢f dimuons obtalned in 125 GeV/c
7 N interactions measured by E-537.
(b) Mass spectrum of dimuons obtaired in 125 GeV/c TPH interactions
measured by BE-537.
Differential cross sections dc/dXF for M > 4 GeV/c2 dimuon events
from antiproton and 7 reactions at 125 CeV/c. The curves are the
predictions obtained using the simple Drell-Yan formula, the CDHS and
NA3 structure functions, and the renormalizing K factors given in the
text.
The scaling cross section M do/au (xF > 0) for 125 GeV/c p induced
dimuons. The curve is the prediction of the Drell-Yan model using
CDHS strucfure functions and a K factor of 2.25.
The 1/pT dc/de differential cross sections of p and =  induced
dimuons as measured by E-537. The solid curves are the predictions
for these distributions obtained using the O(as) Altarelli, Parini
and Petronzio prescription and a <k§> of the interzcting constituents
of 0.83 (GeV/c}Z. The various contributions (Compton, annihilation

and intrinsic) to the Pp are shown by the dotted and dashed curves.



Fig. 8. {a) <p%> vs. s for n and p induced dimuons.

(v) <p£> vs. s for proton induced dimuons.
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